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Description

[0001] This application claims priority from US provi-
sional patent application number 63/660,935 filed on 17
June 2025, which is incorporated herein by reference in
its entirety.

Technical field

[0002] The present disclosure relates to methods, cir-
cuits and systems for determining the gauge/thickness of
an electrical wire.

Background

[0003] The gauge (also referred to interchangeably as
thickness and diameter) of electrical wire is a significant
factor in the wire’s current handling capability. Typically,
electrical wires will have a maximum recommended cur-
rent, which is dependent, at least in part, on the gauge of
the wire. Generally, relatively low gauge wires will only be
able to carry relatively low current safely and efficiently,
and relatively large gauge wires will be able to carry
relatively large currents safely and efficiently. If a rela-
tively low gauge wire carries a current that exceeds its
recommended current, the wire may be overloaded,
which may cause a fire and/or excessive power loss in
the wire.

[0004] Normally,installers of electrical systems will use
the correct gauge wire for the expected maximum cur-
rents of the system. However, there are times when this
may not be the case. Larger gauge wires tend to be more
expensive, so some installers may deliberately install
smaller gauge wires in order to save costs. In other
instances, the incorrect gauge of wire may be installed
as a result of human error, or because the correct gauge
of wire was not readily available. In other instances, in
multi-conductor systems, such as remote power panels
(RPPs) or power distribution units (PDUs), different
gauges may be required for different conductors, and
all of the correct wires may be installed but then incor-
rectly connected by the installer. As a result, some wires
may end up carrying currents that exceed their rated
maximum.

[0005] Consequently, determining the gauge of con-
ductive wires may be very helpful for safety and efficiency
purposes, to confirm that the correct gauge of wire has
been used. Physically inspecting and measuring the
conductors may in some situations be difficult, for exam-
ple because access is difficult, and/or because the in-
sulative coating of the wire carries no indication of the
gauge and a physical measurement of the outer diameter
does not reveal the gauge of the conductor within, since
the thickness of the insulative coating is unknown. In-
vasive techniques such as insulation striping or wire
cutting are problematic from a safety perspective, parti-
cularly for live systems. Therefore, new techniques for
efficiently determining the gauge of an electrical wire are
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desirable.
Summary

[0006] In a first aspect of the disclosure, there is pro-
vided a wire gauge determination system comprising: a
conductive sense component for positioning, when in
use, in non-contacting proximity to a conductive wire
so as to capacitively couple with the conductive wire to
generate an AC sensing signal at the conductive sense
component, wherein the AC sensing signal is dependent
on an AC voltage of the conductive wire; a determination
circuit coupled to the conductive sense component and
configured to: determine a capacitive coupling between
the conductive wire and the conductive sense compo-
nent; and determine a gauge of the conductive wire
based on the determined capacitive coupling between
the conductive wire and the conductive sense compo-
nent.

[0007] In a second aspect of the disclosure, there is
provided a method for determining wire gauge, the meth-
od comprising: determining a capacitive coupling be-
tween a conductive wire and a conductive sense com-
ponent, wherein the conductive sense component is
positioned in non-contacting proximity to the conductive
wire so as to capacitively couple with the conductive wire
togenerate an AC sensing signal at the conductive sense
component, wherein the AC sensing signal is dependent
on an AC voltage of the conductive wire; and determining
a gauge of the conductive wire based on the determined
capacitive coupling between the conductive wire and the
conductive sense component.

[0008] In a third aspect of the disclosure, there is
provided an electrical system comprising: a conductive
wire for carrying an electrical current; a conductive sense
component positioned in non-contacting proximity to the
conductive wire so as to capacitively couple with the
conductive wire to generate an AC sensing signal at
the conductive sense component, wherein the AC sen-
sing signal is dependent on an AC voltage of the con-
ductive wire; a determination circuit coupled to the con-
ductive sense component and configured to: determine a
capacitive coupling between the conductive wire and the
conductive sense component; and determine a gauge of
the conductive wire based on the determined capacitive
coupling between the conductive wire and the conductive
sense component.

Drawings

[0009] Aspects of the present disclosure are de-
scribed, by way of example only, with reference to the
following drawings, in which:

Figure 1 shows an example poly-phase energy mea-
surement system;

Figure 2A shows an example top-down view of a
conductive sense componentand PCB with a central
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opening through which a conductor passes;

Figure 2B shows a side-on view of the arrangement
of Figure 2A;

Figure 3A shows a further example top-down view of
a conductive sense component and PCB with a
central opening through which a conductor passes;
Figure 3B shows a side-on view of the arrangement
of Figure 3A;

Figure 4 shows an example wire gauge determina-
tion system;

Figure 5 shows example details of the wire gauge
determination system of Figure 4;

Figures 6A and 6B show an example representation
of the capacitive coupling between the conductive
sense component and conductor of Figure 2A;
Figures 7A and 7B show an example representation
of the capacitive coupling between the conductive
sense component and conductor of Figure 3A,;
Figure 8 shows a further example wire gauge deter-
mination system;

Figure 9 shows a further example wire gauge deter-
mination system;

Figure 10 shows a further example wire gauge de-
termination system;

Figure 11 shows a further example wire gauge de-
termination system;

Figure 12 shows a further example wire gauge de-
termination system; and

Figure 13 shows an example method for wire gauge
determination.

Detailed Description

[0010] Theinventorshave developed systems, circuits
and methods for contactless wire gauge determination,
utilising non-contact voltage sensing techniques. There
are many reasons why it may be desirable to determine
the gauge of an installed wire, such as confirmation of
correct installation, detection of system power inefficien-
cies, detection of safety risks in the system, etc. However,
physical measurement and invasive inspection can be
problematic.

[0011] In a non-contact voltage sensing system, there
is no direct electrical connection (i.e., no galvanic con-
tact) between the conductor carrying the signal being
sensed and the circuitry performing the sensing. Instead
of a galvanic contact, a conductive sense component
may be positioned in non-contacting proximity to the
conductor carrying the signal to be sensed (eg, posi-
tioned on, or near, an insulator that encases the con-
ductor carrying the signal to be sensed), to form a capa-
citive coupling with the conductor carrying the signal to be
sensed. Any changes in the signal being carried by the
conductor should induce a signal in the conductive sense
component, as a result of the capacitive coupling, which
can then be sensed by circuitry connected to the con-
ductive sense component.

[0012] The inventors have developed a wire gauge
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determination technique that utilises non-contact voltage
sensing. By utilising non-contact techniques, it is possi-
ble to implement wire gauge determination more easily
and at lower cost compared with invasive techniques.
[0013] Figure 1 shows an example poly-phase energy
measurement system 100. The system 100 comprises a
three phase voltage supply - phase 1, phase 2 and phase
3 - from each of which are multiple branches each poten-
tially serving at least one load within the loads 110. There
are various uses of such systems, for example for meter-
ingin Electric Vehicle Supply Equipment (EVSE) or motor
drive, or for power distribution units (PDUs), etc.

[0014] For each branch there is a current transducer,
for example a current transformer or a rate of change of
current sensor (di/dt current sensor) such as a Rogowski
coil. In this example, the current transducers are non-
contact current sensors, which has the benefit of more
straightforward installation on each of the branches and
may reduce cost/complexity if the voltages on each
branch are likely to be high enough to require isolation
mechanisms between a galvanic contact and the current
measurement circuitry. However, the currenttransducers
120 could alternatively be of any other type, such as
shunts.

[0015] The system 100 also comprises an optional
buffer 130 for the current measurement signal derived
from each current transducer 120, and current measure-
ment circuitry 1404 and 140,, for generating a measure-
ment of current. In this particular implementation, the
current measurement circuitry is divided across two
dies/chips, but in an alternative, it may be implemented
in a single die/chip, or divided across three or more
dies/chips. Also in this particular implementation, the
current measurement circuitry 140, and 140, is con-
nected together, and to the energy measurement unit
170, with SPI daisy chaining, but any alternative com-
munication coupling may be used. The current measure-
ment circuitry 140, and 140, is configured to output
digital signals to the energy measurement unit 170, in-
dicative of each current measurement.

[0016] The system 100 also comprises circuitry for
measuring each phase voltage. In this example, the
circuitry comprises optional potential dividers 150 ar-
ranged to form a galvanic connection to each phase,
and divide the voltage down. The circuitry also comprises
a voltage measurement circuit 160 configured to mea-
sure the divided down voltage and output digital signals to
the energy measurement unit 170 (via the SPI daisy
chaining, in this particular example) indicative of the
measured voltages. The voltage measurement circuit
160 may comprise isolation functionality to isolate the
relatively high voltage, hot side, which is coupled to the
potential dividers 150, from the relatively low voltage
digital interface. Such circuitry may be practical for mea-
suring voltages of the three phase supply, but not prac-
tical or cost efficient for measuring voltage of all the
branches from each phase, particularly where there
are a very large number of branches from each phase.
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[0017] The energy measurement unit 170 may com-
prise any suitable functionality for energy measurement/-
metrology using the received voltage and current mea-
surement digital signals and/or for controlling the current
measurement circuits 140, and 140, and the voltage
measurement circuit 160.

[0018] Whilst this system 100 is configured for energy
measurement, it will be appreciated that this is an op-
tional function of the system 100 and it may have any
additional or alternative functionality. Furthermore, this
particular type of system 100 is just one example context
in which the wire gauge determination techniques dis-
closed herein may be useful. The disclosed wire gauge
determination techniques may also be useful in any other
type of electrical system, including single phase, two
phase, three phase, etc systems, with one or multiple
conductive wires whose gauge is to be determined.
[0019] The inventors have recognised that in arrange-
ments where there is already a current transducer in
place, particularly a PCB implemented current transdu-
cer such as a PCB implemented Rogowski coil, non-
contact voltage sensing capabilities may be added rela-
tively easily.

[0020] As the skilled person will understand, a di/dt
current transducer such as a Rogowski coil may be
implemented on a PCB by at least partially surrounding
an opening/hole in the PCB with a coil formed by PCB
conductive traces and vias. A conductor (eg, a conduc-
tive wire or rod) carrying the current to be sensed may be
passed through the opening/hole in the PCB and any
changes in the current carried by the conductor may be
sensed by the di/dt transducer. The inventors have re-
cognised that in this case, the PCB may present a con-
venient surface on which to position a conductive sense
component for use in non-contact voltage sensing of the
conductor.

[0021] Figure 2A shows an example top-down view ofa
PCB 240 with a central opening through which a con-
ductor 220 passes. The conductor 220 is coated with an
insulator 225.

[0022] Figure 2B shows the same arrangement, but
from a side-on view.

[0023] ThePCB 240includesadi/dtcurrenttransducer
(such as a Rogowski coil) for current measurement pur-
poses, although that is not represented in the Figures for
the sake of simplicity. A ring-shaped conductive sense
component 210 is position on the surface of the PCB 240
so as to completely surround the conductor 220 and
capacitively 230 couple with the conductor 220. The
capacitors 230 represented in Figure 2A are not capa-
citor components but instead represent the capacitive
coupling formed between the conductor 220 and the
conductive sense component 210, where the conductor
220 forms one plate of the "capacitor”, the conductive
sense component 210 the other plate of the "capacitor”,
and the insulating material therebetween (in this exam-
ple, air and the insulator 225) form the dielectric of the
"capacitor". As a result, an AC voltage of the conductor
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220 will generate an AC sensing signal in the conductive
sense component 210. Changes in the phase and/or
magnitude of AC voltage will cause a corresponding
change inthe AC sensing signal. As such, the AC sensing
signal can be used to sense the AC voltage.

[0024] Figures 2A and 2B show the conductive sense
component 210 as a substantially circular ring, posi-
tioned on a PCB and fully surrounding the conductor
220. This shape may have a benefit of causing the
coupling capacitance between the conductive sense
component 210 and the conductor 220 to be relatively
constant regardless of the position of the conductor 220
within the circle. However, this is merely one example. In
an alternative, the conductive sense component 210 may
only partially surround the conductor 220, for example
being a split ring, or may be of a completely different
shape, such as a rectangular plate that is simply posi-
tioned in proximity to a part of the conductor 220. Alter-
natively, it could be a series of plates arranged around the
conductor 220, or a planar structure like a ruff/collar,
formed as a separate piece or built into the PCB 240.
In some examples it could be part of the internal edge of
the PCB 240 (for example, plating the edge of the hole
through which the conductor 220 passes, or formed as a
series of conductive vias surrounding the hole through
which the conductor 220 passes). Furthermore, regard-
less of the shape of the conductive sense component
210, it could be held in non-contacting proximity to the
conductor 220 in any other suitable way. Furthermore,
any insulating material may be present between the
conductive sense component 210 and the conductor
220, including (but not limited to) air and/or an insulating
material coating the conductor 220. For example, the
conductive sense component 210 may be configured
to be attached directly to the outer surface of the insulator
225. Regardless, the systems and methods described
below are applicable to all designs and installations of
conductive sense component 210, provided the conduc-
tive sense component 210 is suitable for positioning in
non-contacting proximity to the conductor 220 so as to
capacitively couple with the conductor 220.

[0025] Figures 3A and 3B are similar to Figures 2A and
2B, but in this example, the conductive sense component
210 is coated with an insulator, such as plastic. The outer
perimeter of the conductive sense component 210 is
coated with an outerinsulator 310 and the inner perimeter
of the conductive sense component 210 is coated with an
inner insulator 320.

[0026] Optionally,inthe examples of both Figures 2A/B
and 3A/B, a conductive shield may partially or completely
surround the outer perimeter of the conductive sense
component 210. In this way, parasitic capacitive coupling
between the conductive sense component 210 and other
conductors in its vicinity may be reduced or eliminated.
The conductive shield may be any suitable size and
shape, for example a conductive sleeve in the case of
Figures 2A/B and 3A/B, within which the conductive
sense component 210 fits.
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[0027] In these examples, the conductor 220 has a
circular cross section and the term "wire gauge" is typi-
cally used to describe the diameter of a circular cross
section conductor (for example, in the American Wire
Gauge - AWG - standard). However, the techniques
described herein may be used to determine the size of
the conductor regardless of its cross-sectional shape.
For example, the conductor 220 may alternatively have a
rectangular or square cross section (for example, it may
be a conductor bar), in which case the "gauge" of the
conductor 220 may be the thickness or width of the
conductor. In a further alternative, the conductor 220
may be a multicore conductor, in which case the "gauge"
of the conductor may be the overall diameter of the
conductive core. Regardless, it should be understood
that the term "gauge" used herein is not limited to the
diameter/radius of a solid, circular cross-section conduc-
tor 220, but is instead intended to mean the size or
thickness of the conductor 220, such as the width/dep-
th/radius/circumference, etc.

[0028] Also, the term "wire" is intended to mean any
type of conductor for carrying electrical current. The
conductor may be flexible or rigid (such as a bar), it
may have any cross-sectional shape, and may be single
core or multicore.

[0029] Figure 4 shows an example wire gauge deter-
mination system 400 in accordance with an aspect of this
disclosure. The system 400 is configured to determine a
gauge of the conductive wire 220 that is suitable for
carrying a current and having a voltage Vwire. The con-
ductor 220 is coupled to an AC source, Vs, via an optional
switch S1, which may be a circuit breaker. The conductive
sense component 210 is positioned in non-contacting
proximity to the conductive wire 220 so as to capacitively
couple with the conductor 220. That capacitive coupling
is represented in Figure 4 by the capacitor Cp (which is
the same as the capacitive coupling 230 shown in Figures
2A and 3A), with the conductive sense component 210
acting as one plate of the capacitor Cp and the conductive
wire 220 acting as the other plate of the capacitor Cp. Also
represented as Cother is further capacitive coupling,
which may or may not be present between the conductive
sense component 210 and other conductors in its vicinity,
for example conductors carrying other phase voltages. In
some installations Cother may be very small, or zero, and
in others is may be more significant.

[0030] The system 400 comprises a measurement
circuit 410 comprising a capacitor C1, resistor R1 and
voltage measurement circuit 420. The capacitor C1 and
resistor R1 are coupled in parallel, and in alternative
implementations the measurement circuit 410 may com-
prise only one of the capacitor C1 and theresistorR1. The
resistor R1 may set the DC level of Vdiv, in which example
ensuring that Vdiv remains referenced to the ground
reference. The capacitor C1 and the resistor R1 may
be collectively referred to as an impedance component
Z1, as follows:
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Z1=

1,1

1
C1TRI
[0031] Alternatively, if only resistor R1 is present, then
Z1=R1, and if only the capacitor C1 is present, then Z1 =
C1 (in which case, a different means may be used to set
the DC level of Vdiv, such as a feedback signal). In the
case of only R1 being present, the voltage measurement
circuit 420 may also comprise an integrator in order to
generate a flat frequency response for the voltage signal
that is to be measured.

[0032] Theimpedance componentZ1 is coupled to the
conductive sense component 210 so as to form an im-
pedance divider with the capacitive coupling Cp between
the conductive wire 220 and the conductive sense com-
ponent 210.

[0033] Vdiv may be expressed as:

Vdiv = Vwire

Cp
Cp+ 271
[0034] In this expression, Cother is assumed to be
zero, but the skilled person will appreciate that for non-
zero values of Cother, each instance of "Cp" in the above
may be replaced by "Cp+Cother".

[0035] The values of C1 and R1 may be chosen such
that for the expected range of likely Vwire values, Vdiv
should fall within the allowable input range of the voltage
measurement circuit 420.

[0036] The capacitor C1 and/or resistor R1 are each
coupled at one side (i.e., at a first terminal) to the con-
ductive sense component 210 and at the other side (i.e.,
at a second terminal) to ground (although they could
alternatively be coupled to any other suitable reference
voltage). The capacitive coupling Cp, and the capacitor
C1 and/or the resistor R1, together form an impedance
divider to divide Vwire down to a smaller voltage Vdiv,
which is dependent on Vwire (eg, if Vwire changes, Vdiv
should also change). In this example implementation, the
impedance divider also sets the DC level of the circuit to
ground.

[0037] The voltage measurement circuit 420 is config-
ured to measure a voltage that is dependent on a poten-
tial at the conductive sense component 210. In this ex-
ample, the measured voltage is Vdiv, which is the AC
sensing signal that is induced on the conductive sense
component 210 by Vwire by virtue of the capacitive
coupling Cp. The voltage measurement 425 is therefore
representative of Vdiv.

[0038] The voltage measurement circuit 420 may take
any suitable form, which will be well understood by the
skilled person.

[0039] Figure 5 shows one example implementation of
the voltage measurement circuit 420, in which an analog
to digital converter (ADC) 510 is used. The ADC may be
any suitable type of ADC, for example a Flash ADC, a
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SAR ADC, a pipelined ADC, a delta-sigma ADC, a ramp
ADC, etc, and may have any suitable resolution. Whilst it
is represented in Figure 5 as a single ended input and
output, it may alternatively have a differential input and/or
output.

[0040] The determination circuit 430 is configured to
determine the capacitive coupling Cp between the con-
ductive wire 220 and the conductive sense component
210 and, based on the determined Cp, determine the
gauge of the conductive wire 220. The determination
circuit 430 may comprise any suitable circuitry/proces-
sing means for performing the functionality described
herein. For example, it may comprise any one or more
of: dedicated, discrete circuitry; programable logic such
as an FPGA; an application specific integrated circuit(s)
(ASIC); a microcontroller unit(s) (MCU); a processor(s)
such as a microprocessor(s) arranged to executed soft-
ware instructions to perform the described functionality.
The determination circuit 430 may also be implemented
as functionality within a wider circuit/system/device, for
example one that also performs other functions such as
energy measurement, or it may be implemented as a
dedicated circuit/system/device that performs only wire
gauge determination.

[0041] In the examples of Figures 4 and 5, the deter-
mination circuit 430 may determine Cp based on the
measured voltage 425 (which is representative of Vdiv,
which in this example is the AC sensing signal induced at
the conductive sense component 210 by Vwire), a known
impedance of the impedance component Z1, and the AC
voltage Vwire of the conductive wire 220 as follows:

o p .

Vdiv = —Cp 171 Vwire

Cp = Vdiv 71
P= Vwire + Vdiv

[0042] Vwire may be known in a number of different
ways. In this example, the conductive wire 220 is coupled
to the supply voltage Vs which may be set/programmed
to a specific value by the user, or may be measured by a
voltage measurement arrangement (not represented in
Figures 4 and 5 for the sake of efficiency, but the skilled
person will understand the various different ways in which
it could be measured, such as using the galvanic voltage
measurementarrangementof Figure 1). When the switch
S1 is closed, Vwire will equal Vs.

[0043] Theimpedance of Z1 is known since the values
of R1 and C1 are selected at the time of system design
(and optionally may have been measured during manu-
facture/calibration, if a high degree of accuracy is de-
sired).

[0044] In this example, it has been assumed that
Cother is zero or is negligible. Whilst this may affect
the accuracy of Cp determination, the inventors have
determined that for most practical implementations it is
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a reasonable assumption and the achieved accuracy is
acceptable. This may be particularly true when conduc-
tive shielding is used to at least partially surround the
outer perimeter of the conductive sense component 210,
to reduced capacitive coupling with other conductors.
When conductive shielding is used in the system imple-
mentations of Figures 4 and 5, it may be held at a
reference voltage such as ground, and any capacitive
coupling between the conductive sense component 210
and the shield may be determined either through simu-
lation/modelling, or through measurement during calibra-
tion. This is because the capacitive coupling between the
conductive sense component 210 and the shield is effec-
tively in parallel with Cp, and will be included within the
determination of Cp. By determining it through simula-
tion/modelling, or through measurement during calibra-
tion, it may be extracted from the determination of Cp
such that the true value of Cp may be more accurately
determined.

[0045] From the determination of Cp, it is possible to
determine the gauge of the conductive wire 220 in a
number of different ways. The capacitance Cp is affected
by the distance between the conductive sense compo-
nent 210 and the conductive wire 220.

[0046] Figure 6A shows a visualisation of the arrange-
ment of Figure 2A with the relevant dimensions:

d = inner diameter of the conductive sense compo-
nent 210

dist = distance between the conductive sense com-
ponent 210 and the conductive wire 220

t = thickness of insulator 225

g = gauge of conductive wire 220 (i.e., in this exam-
ple, the diameter of the conductive wire 220)

g =d— 2dist

[0047] Figure 6B shows the composition of capaci-
tances making up Cp. Because there are two types of
insulators between the conductive sense component210
and the conductive wire 220 (the cavity, that is likely filed
with air, and the wire insulation 225), the capacitance is
effectively made up of two parts Cp1 and Cp2.

[0048] Figure 7A shows a visualisation of the arrange-
ment of Figure 3A with the relevant dimensions, which
are very similar to those of Figure 6A, but with an addi-
tional dimension t2, which is the thickness of the inner,
insulative coating 320 of the conductive sense compo-
nent 210.

[0049] Figure 7B shows the composition of capaci-
tances making up Cp, which is very similar to that of
Figure 6B, but with an additional component Cp3, corre-
sponding to the contribution of the insulative coating 320.
[0050] From these representations, it will be under-
stood that the overall determined capacitance Cp is
dependent on "dist", as well as the permittivity . and
thickness/distance of each insulative material. Since
"dist" is dependent on the gauge g, "dist" will be different
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for different gauge wires, which in turn will cause different
values of Cp, assuming all other factors (such as the
relative permittivity of air and the thickness and relative
permittivities of the insulators 225 and 320) remain sub-
stantially the same. Consequently, itis possible to use the
determination of Cp to determine the gauge g.

[0051] There are many different ways in which a de-
termination of Cp can be used to determine the gauge of
the conductive wire 220.

[0052] Inone example, an electromagnetic model (eg,
"digital twin") or simulation based approach may be
employed. For example, a model, or digital twin, may
be created based on the known properties of the con-
ductive sense component 210 (such as size and shape of
the conductor, as well as thickness t and material type of
the coating 320 in the example of Figure 7A) and various
different types of conductive wire 220 (for example, dif-
ferent gauges of wire, different material types of insulator
225, etc). Based on that model, as well as known physical
principles of capacitance that define a dependence on
distance between conductors and the relative permittivity
of the insulative material(s) between the two conductors,
a relationship between the dimension "dist" (which is
dependent on gauge g) and the capacitance Cp may
be understood. Using this relationship, an estimate for
gauge g may be determined from capacitance Cp. In one
example, the model may simply assume a value for
thickness t, the conductor 220 type (for example, solid
core, multicore, rectangular bar, etc), material type of the
insulator 225 (and the relative permittivity of that material
g), and the relative permittivity of the air in the gap
between the insulator 225 and the conductive sense
component 210 (for example, based on an assumption
that the air temperature is 20 degC). In an alternative, an
operator may be given an opportunity to enter values for
any one or more of those factors, which may improve the
accuracy of the model, and therefore the accuracy of the
determined value for gauge g.

[0053] In a further example, the determination circuit
430 may store, for example in memory that is part of the
determination circuit 430, one or more values of Cp and
corresponding values for wire gauge (or have access to
such a store held in memory elsewhere). For example,
they may be stored in a look-up table, or database, etc.
The determination circuit 430 may then use any suitable
extrapolation and/or interpolation techniques to deter-
mine the gauge of the conductive wire 220 using the
determined value of Cp, the stored value(s) of Cp and
their associated stored values for wire gauge. For exam-
ple, the determination circuit may identify the closest
stored Cp below the determined Cp and the closest
stored Cp above the determined Cp, and then interpolate
(using any suitable algorithm) between the two corre-
sponding stored wire gauges in order to determine the
gauge of the conductive wire 220.

[0054] The stored values may be determined in a
number of different ways. In one example, simulation
models (eg digital twins) may be used for a variety of
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differentwire gauges g, to generate an expected value for
Cp for each. Optionally, this may be repeated for each
variable that the user may have an opportunity to define,
such as conductor 220 type (solid core, multicore, etc),
insulator 225 thickness and/or material type, tempera-
ture, etc, so that for each combination of variables de-
fined by the user, there is a suitable set of stored Cp’s and
corresponding gauge g values. In a further example, ona
system-by-system basis, calibration may take place
whereby after manufacture of the system, a conductive
wire 220 of known gauge is putin place and a value for Cp
is determined. The known gauge of the wire and the
determined Cp may then be stored in association with
one another. This may be repeated one or more times
with conductive wires of different known gauges and/or
conductor 220 types (solid core, multicore, etc) and/or
insulator 225 material types/thickness, etc. By doing this
for each manufactured system, a high level of accuracy
may be achieved, as any inaccuracies in Cp determina-
tion caused by manufacturing imperfections should be
reduced or removed. For example, inaccuracies in the
size and/or shape of the conductive sense component
220 and/or in the thickness and material properties of the
insulative coating 320 (if present) and/or in the geometry
of any shielding components (if present) and/or in the
value of Z1, and/or in the accuracy of any other compo-
nents (such as the voltage measurement circuit 420)
should not affect accuracy since the measurement is
done on a per system basis. However, in an alternative,
it may simply be performed for each particular design of
system, and the results applied to all other systems
manufactured to that design. Whilst that may be slightly
less accurate, because system-to-system variations
caused by manufacturing imperfections will not be re-
flected in the stored values for Cp and wire gauge, for
many purposes the system will still determine wire gauge
with sufficient accuracy. In a further alternative, a com-
promise between these two positions may be adopted.
Forexample, stored Cp and corresponding gauge values
may be determined for a particular system design and
used for all manufactured units of the same design.
However, for each unit, a calibration may be performed,
where, for example, a conductive wire 220 of known
gauge is positioned within each unit and Cp determined.
This value may then be compared against the stored
value of Cp for that gauge of wire, in order to determine a
correction factor. That correction factor may then be
applied during system operation to improve the accuracy
of the determined gauge g. This technique may be even
further improved by repeating the process with at least
one further conductor wire 220 of a different known
gauge, in order to determine a more accurate correction
factor. In this way, the detrimental effect of unit-by-unit
manufacturing differences on the accuracy of gauge
determination may be reduced, whilst still minimising
the amount of per-unit calibration that is required. Whilst
this technique is described with particular reference to
the stored Cp and gauge g technique, it may also be
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applied to the model/simulation based technique de-
scribed above, in order to improve the accuracy of the
gauge determination using a model/simulation of the
system.

[0055] Whilstthesetechniques may enable wire gauge
to be determined with a reasonable level of accuracy,
they assume various factors do not change over time.
Whilstfor many applications this is a reasonable assump-
tion, for some applications it may not be. For example,
some factors affecting the accuracy of determination of
Cp may be influenced by environment conductions, such
as air temperature and/or humidity. In particular, humidity
may affect the dielectric constant of air, which in turn
affects the capacitance Cp1, and therefore affects Cp. In
another examples, the thermal expansion coefficient of
the materials could change the size and/or shape of the
conductive sense component 210, which again will affect
Cp. Furthermore, component aging may affect the de-
termination of Cp, such as the electrical parameters of the
measurement circuit 410 and/or the dimensions of the
mechanical components such as the conductive sense
component 210.

[0056] To reduce or remove such inaccuracies, the
system 400 could be configured to include one or more
additional reference channels. For example, a reference
channel may comprise an additional conductive sense
component 210 (a reference conductive sense compo-
nent) that is the same design as Figure 4/5. The addi-
tional conductive sense component 210 may be posi-
tioned in proximity to an additional conductive wire 220 (a
reference conductive wire) that has a known gauge.
Throughout the life of the system 400, when determining
the gauge of an unknown conductive wire, the determi-
nation circuit 430 may determine a Cp for the reference
channel and use that to determine the gauge for the
conductive wire in the reference channel (using any of
the techniques described above). That determined value
may be compared against the known gauge for that wire
(which may be stored, forexample, in memory) in order to
determine a correction factor. To determine the gauge of
the unknown wire, the determination circuit 430 may
determine Cp for that channel and use it to determine
aninitial value for wire gauge (using any of the techniques
described above). The gauge of the conductive wire 220
may then be determined by applying the correction factor
to the initial value for the wire gauge, such that the
determined gauge for the conductive wire 220 includes
compensation for any changes in environmental condi-
tions.

[0057] Figure 8 shows a further example system 800 in
accordance with the present disclosure. System 800 is
very similar to system 400, but is configured to determine
Cp in a different way. The determination circuit 430 may
then use Cp to determine the gauge of the conductive
wire 220 using any of the techniques described above.

[0058] The system 800 comprises a reference voltage
generator 810 configured to generate a reference voltage
Vstim. The reference voltage generator 810 is coupled to
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the measurement circuit 410 so as to apply the reference
signal Vstim to the measurement circuit 410 such that the
potential Vdiv at the conductive sense component 210
comprises a resultant signal Vres that is dependent on
the reference signal Vstim. In this example, the resultant
signal Vres is a divided down version of Vstim, that is
divided by an amount set by the ratio of the impedance
divider formed by the impedance component Z1 and the
capacitive coupling Cp. In the example of Figure 8, Vstim
is applied to the bottom of the impedance divider formed
by Z1 and Cp.

[0059] If a conductive shield is utilised to partially or
wholly surround the outer perimeter of the conductive
sense component 210 in order to reduce/eliminate para-
sitic capacitive coupling Cother (as explained earlier), a
signal based on Vstim may also be applied to the con-
ductive shield. For example, Vstim may be directly ap-
plied to the conductive shield, or a Vstim plus a DC offset
(for example, as a result of putting Vstim through a buffer
before applying it to the shield, which may introduce aDC
offset and/or noise) may be applied to the conductive
shield. Consequently, the modulation (eg, the AC signal)
applied to the conductive sense component 210 should
be substantially the same as the modulation applied to
the shield (for example, the same to within +/- 1%, or +/-
2%, or within +/- 5%), meaning that capacitance between
the shield and the conductive sense component 210 is
not charged.

[0060] The reference voltage generator 810 is coupled
to, and controlled by, the determination circuit 430 so that
the determination circuit 430 can control when Vstim is
applied (althoughin an alternative it may be controlled by
any other suitable circuit/unit/device). Furthermore, in
some instances the determination circuit 430 may control
the characteristics of Vstim, such as its magnitude and/or
frequency, although in other instances the characteristics
may be fixed and the reference voltage generator 810
simply be turned on and off.

[0061] The magnitude of Vstim is known, as is the
impedance of Z1. Since Vdiv comprises the resultant
signal Vres, the determination circuit 430 may use the
voltage measurement 425 to determine the capacitance
Cp. For example, if the magnitude of Vres is half that of
Vstim, then the determination circuit 430 can determine
that the impedance of Cp is the same as the known
impedance of component Z1.

[0062] Insome instances,the determination circuit430
may be configured to determine Cp using this technique
when it is identified that S1 is open. For example, when
the determination circuit 430 identifies that Vdiv is zero, it
may initiate the process of determining the capacitance
Cp and turn on the application of Vstim. In this case, Vdiv
should equal Vres, and Vstim may have any signal char-
acteristic, such as being a DC signal or an AC signal
having any frequency. In a further example, determina-
tion of Cp may be performed during manufacture and/or
calibration, in which case again Vstim may be a DC signal
or an AC signal having any frequency.
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[0063] In other instances, the system 800 may be
configured such that the determination circuit 430 may
determine the capacitance of Cp at any time, for example
in the field during operation of the wider electrical system.
Consequently, Vdiv would comprise the AC sensing sig-
nal (induced by Vwire) and also Vres. In this case, the
reference voltage Vstim may be a signal having charac-
teristics that make it extractable from the voltage mea-
surement 425, so it may be isolated from the AC sensing
signal and used for determination of Cp. For example, it
may be an AC signal with a frequency that is different to
the expected frequency of Vwire (and optionally different
also to expected harmonics of Vwire), and therefore
different to the expected frequency of the AC sensing
signal.

[0064] IfVstimisan AC signal, it may have any suitable
shape, such as a square wave signal, a triangle wave
signal, a sinusoidal wave signal, etc. In one particular
example, the reference voltage generator 810 may be a
digital to analog converter (DAC), wherein the determi-
nation circuit 430 supplies one or more digital values to
the input of the DAC at the desired frequency for Vstim.
For example, it may supply a digital signal that alternates
between two digital levels (such as 0 and a non-zero
digital value) at the desired frequency for Vstim, so as to
generate a square wave signal of known magnitude and
frequency.

[0065] Figure 9 shows a system 900 in accordance
with a further aspect of the disclosure. The system 900
shows an alternative way in which Vstim may be applied
to the measurement circuit 410 so that the potential at the
conductive sense component 210 comprises Vres. In this
example, the measurement circuit 410 further comprises
an op amp IC1 having a first input (in this example the
inverting input, although it could alternatively be the non-
inverting input) coupled to the conductive sense compo-
nent 210 and a second input (in this example the non-
inverting input, although it could alternatively be the in-
verting input) coupled to the reference voltage generator
810. As aresult, Vstimis applied to the second input of op
amp IC1 and correspondingly also the first input of op
amp IC1 as a result of the virtual earth operation of op
amp IC1. The measurement circuit 410 is also arranged
such that the impedance component Z1 forms a feed-
back path between the op amp output and the first input.
In this example, the voltage measurement circuit 420 is
arranged to measure the voltage Vmeas, which is a
voltage that is dependent on the potential at the conduc-
tive sense component 210 (i.e. if the potential at the
conductive sense component 210 changed, then Vmeas
also changed).

[0066] This arrangement is one way to determine Cp
using a "capsense" method where the reference voltage
Vstim (typically an AC voltage) is applied to the bottom
terminal of Cp (specifically the conductive sense compo-
nent 210), such that the current Ip that comes from the
change in potential across Cp can be measured. In this
particular example, by measuring Vmeas, which com-

10

15

20

25

30

35

40

45

50

55

prises Vres (and optionally also the AC sensing signal),
and knowing the magnitude of Vstim, the determination
circuit 430 can determine the divider ratio of the impe-
dance divider formed by Z1 and Cp. Since Z1 is also
known, Cp can then be determined. As explained above
with reference to Figure 8, if Vmeas comprises both the
AC sensing signal and Vres, then Vres can be extracted
from the voltage measurement 425 by knowing the fre-
quency of Vstim.

[0067] In both of systems 800 and 900, the determina-
tion circuit 430 (or any other suitable circuit/unit/device)
may optionally also measure Vwire. In particular, once Cp
is determined, then a divider ratio for the impedance
divider will be known, since Z1 is known. When Vdiv or
Vmeas comprise the AC sensing signal, then the deter-
mination circuit 430 may identify the AC sensing signal
from the voltage measurement 425 (either by turning off
Vstim so that the voltage measurement 425 includes only
the AC sensing signal, or by extracting it from the voltage
measurement 425) and determine a measurement of
Vwire from the measured AC sensing signal and the
impedance divider ratio. This could be used to detect
unusual voltage drops across the switch S1 and/or to
indicate a bad connection between the conductive wire
210 and the switch S1.

[0068] In some examples, Z1 will only be known to an
approximate degree of accuracy, for example +/- 5%,
based on the quoted manufacturing accuracy of C1
and/or R1. This will affect the accuracy with which the
impedance divider ratio is known, and therefore the
accuracy with which Vwire is determined. For some
applications, this may be sufficiently accurate. For other
applications, a higher degree of accuracy may be de-
sired. In this case, the value of Z1 may be determined
during calibration/manufacture, for example by directly
measuring the impedance Z1, or by using a conductor
220 of known gauge and setting Vwire to known voltage.
C1 may then be determined by measuring Vdiv (or
Vmeas) and using the known values for Vwire and Cp.

[0069] Whilstthe system 900 shows one particular way
of implementing a "capsense" method, other techniques
may alternatively be used to apply the reference voltage
Vstim (typically an AC voltage) to the bottom terminal of
Cp (specifically the conductive sense component 210).

[0070] As can be seen from Figures 4, 5, 8 and 9, the
wire gauge determination system of the present disclo-
sure may be implemented in various different ways in
order to determine the capacitance Cp.

[0071] Figure 10 shows an example modification of the
system 800 that may be used for determining the gauge
of more than one conductive wire in a wider system, such
as a multi-phase system. In the system 1000, the mea-
surementcircuit 1010_nis the same as the measurement
circuit410 of system 800, but further includes switches to
controllably couple/decouple the reference voltage gen-
erator 810 and the voltage measurement circuit 420 to
the measurement circuit 1010_n using control signal
Sel_n. The switches may be implemented in any suitable
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way, for example using transistors (such as FETs or
bipolar transistors), relays, etc. In this example, the vol-
tage measurement circuit 420 is outside of the measure-
ment circuit 1010_n so that a single voltage measure-
ment circuit 420 can be used for multiple different con-
ductive wires 220_n (as will be appreciated later). In an
alternative, each measurement circuit 1010_n may in-
clude a voltage measurement circuit 420_n, in which
case a switch may be position in the measurement circuit
1010_n for coupling/decoupling the voltage measure-
mentcircuit420_n to the determination circuit430. Whilst
system 1000 is based on a modification of system 800, it
will be appreciated that the system 1000 may alterna-
tively be based on the arrangement of system 400, where
there is no reference voltage generator 810.

[0072] Figure 11 shows an example modification of the
system 900 that may be used for determining the gauge
of more than one conductive wire in a wider system, such
as a multi-phase system. In the system 1100, the mea-
surement circuit 1010_n is similar to the measurement
circuit 410 of system 900, but further includes two con-
trollable switches, which serve the same purpose as
those of system 1000. Again, in this example the voltage
measurement circuit 420 is outside of the measurement
circuit 1010_n, but it may alternatively be within it, as
explained above. In an alternative, rather than using
switches, circuit 1010_n could be configured such that
the select control signal Sel_n sets the op amp IC1_n of
all non-selected comparison circuits 1010_n to its high
impedance state (i.e., its powered down state, where the
op amp output goes to high impedance), such that those
comparison circuits 1010_n are effectively putinto a non-
operational state, and set the op amp IC1 of the selected
comparison circuit 1010_n to a low-impedance state (i.e.,
its powered up state, where the comparator output goes
to low impedance), such that that selected circuit 1010_n
is effectively put into an operational state.

[0073] Figure 12 shows an example of how the mea-
surements circuits 1010_n may be used. In this example,
there are N conductive wires 220_N and a corresponding
N measurement circuits 810_N. By controlling the Sel_n
signals, the switches of one of the measurement circuits
1010_n may closed in order to couple the elected mea-
surement circuit to the voltage measurement circuit 420
and reference voltage generator 610. The switches of all
other measurement circuits 1010_n may be held in an
open state. As a result, the gauge of each of the wires
220_N may be determined consecutively, in serial, by
serially closing the switches of one measurement circuit
1010_n ata time and keeping all other switches open. As
a result, for a multi-conductor system, such as that of
Figure 1, the gauge of multiple different conductive wires
may be determined using a single voltage measurement
circuit 420, determination circuit 430 and reference vol-
tage generator 610, thereby minimising costs and space.
It should be noted that if a reference channel is desired,
for example to increase wire gauge determination accu-
racy (as explained earlier), one or more of the conductive
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wires 220_n may be of a known gauge, and the corre-
sponding conductive sense conductor(s) 210_n and
measurement circuit(s) 1010_n may be used as the
reference channel(s).

[0074] For all of the systems described above, the
determination circuit 430 may be configured to output
an indication of the determined wire gauge, for example
to another device/unit. In this way, the determined wire
gauge may be communicated to a user/operator, for
example in audio, visual, textual, etc form, and/or to
any other suitable entity/system, such as a monitoring
system, such that the user/operator may understand
what the determined gauge is, and take action if neces-
sary. Optionally, the determined wire gauge may be
combined with further measurements/information that
are indicative of the current handling capability of the
conductor 220, such as temperature measurements an-
d/or I2R drops over a long feed.

[0075] Additionally or alternately, the determination
circuit 430 may be further configured to receive a current
measurement corresponding to the conductive wire 210
for which the gauge has been determined (for example,
from a current measurement circuit, such as that repre-
sented in Figure 1). Using this, it may generate a warning
(such as audio, visual, textual, etc) if the measured
current exceeds the maximum safe current that can be
carried by the determined gauge of conductive wire. The
generated warning may be output from the determination
circuit 430 for conveying to an operator/controller of the
system, so that action may be taken, and/or to any other
suitable entity/system, such as a monitoring system.
Additionally or alternatively, the determination circuit
430 may receive (or store in memory) an indication of
the desired maximum current for the conductive wire 210,
for example from a user/operator. If the determined
gauge is not suitable for carrying such a current, it may
again generate a warning for outputting to the user/o-
perator and/or any other suitable entity. Additionally or
alternatively, the determination circuit 430 may be aware
of what gauge of wire should be used (for example, from
earlier user entry) and, if the determined gauge is differ-
ent (for example, more than +/-1%, more than +/-2%,
more than +/-5%, more than +/-10%), it may generate a
warning for outputting to the user/operator and/or any
other suitable entity.

[0076] Figure 13 shows an example method of deter-
mining wire gauge. Step S1310 comprises determining a
capacitive coupling Cp between the conductive wire 220
and the conductive sense component 210, using any of
the techniques described earlier. Step S1320 comprises
determining the gauge of the conductive wire 220 based
on the determined capacitive coupling Cp. The method
may be performed by any suitable device/circuit/system,
such as the determination circuit 430.

[0077] The terminology "coupled" used above encom-
passes both a direct electrical connection between two
components, and an indirect electrical connection where
the two components are electrically connected to each



19 EP 4 682 548 A1 20

other via one or more intermediate components.

[0078] The skilled person will readily appreciate that
various alterations or modifications may be made to the
above described aspects of the disclosure without de-
parting from the scope of the disclosure.

Aspects of the disclosure

[0079] Non-limiting aspects of the disclosure are set
out in the following numbered clauses:

1. A wire gauge determination system comprising:

a conductive sense component for positioning,
when in use, in non-contacting proximity to a
conductive wire so as to capacitively couple with
the conductive wire to generate an AC sensing
signal at the conductive sense component,
wherein the AC sensing signal is dependent
on an AC voltage of the conductive wire;
adetermination circuit coupled to the conductive
sense component and configured to:

determine a capacitive coupling between
the conductive wire and the conductive
sense component; and

determine a gauge of the conductive wire
based on the determined capacitive cou-
pling between the conductive wire and the
conductive sense component.

2. The system of clause 1, further comprising:

ameasurementcircuit coupled to the conductive
sense component and the determination circuit,
wherein the measurement circuit is configured
to:

measure a voltage that is dependent on a po-
tential at the conductive sense component,
wherein the determination circuitis configured to
determine the capacitive coupling between the
conductive wire and the conductive sense com-
ponent further based on the measured voltage.

3. The system of clause 2, wherein the measurement
circuit further comprises an impedance component
coupled to the conductive sense component so as to
form an impedance divider with the capacitive cou-
pling between the conductive wire and the conduc-
tive sense component,

wherein the determination circuit is configured to
determine the capacitive coupling between the con-
ductive wire and the conductive sense component
further based on an impedance of the impedance
component.

4. The system of clause 3, wherein the impedance
component comprises at least one of: a capacitor; a
resistor.
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5. The system of any of clauses 2 to 4, wherein the
measured voltage comprises the AC sensing signal
at the conductive sense component, and

wherein the determination circuit is configured to
determine the capacitive coupling between the con-
ductive wire and the conductive sense component
further based on the AC sensing signal and the AC
voltage of the conductive wire.

6. The system of clause 4, further comprising:

a conductive shield arranged to at least partially
surround an outer perimeter of the conductive
sense component,

wherein the systemiis further configured to apply
a reference voltage to the conductive shield.

7. The system of any of clauses 2 to 4, further
comprising:

a reference signal generator configured to gen-
erate a reference signal, wherein the reference
signal generator is coupled to the measurement
circuit so as to apply the reference signal to the
measurement circuit such that the potential at
the conductive sense component comprises a
resultant signal that is dependent on the refer-
ence signal,

wherein the determination circuitis configured to
determine the capacitive coupling between the
conductive wire and the conductive sense com-
ponent further based on the resultant signal and
the reference signal.

8. The system of clause 7, wherein the reference
signalis an alternating signal having a frequency that
is different to that of the AC voltage.

9. The system of clause 7 or clause 8, wherein the
measurement circuit comprises a voltage measure-
ment circuit arranged to measure the potential at the
conductive sense component.

10. The system of clause 7 or clause 8, wherein the
measurement circuit comprises an op amp compris-

ing:

a first input coupled to the conductive sense
component;

a second input coupled to the reference signal
generator, such that the reference signal is ap-
plied to the second input and correspondingly
the first input as a result of the virtual earth
operation of the op amp;

an output; and

a feedback path between the output and the first
input, wherein the feedback path comprises an
impedance component that forms an impe-
dance divider with the capacitive coupling be-
tween the conductive wire and the conductive
sense component; and
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avoltage measurement circuit arranged to mea-
sure a voltage at the output of the op amp,
wherein the measured voltage comprises the
resultant circuit.

11. The system of any of clauses 7 to 10, further
comprising:

a conductive shield arranged to at least partially
surround an outer perimeter of the conductive
sense component,

wherein the systemis further configured to apply
to the conductive shield a signal thatis based on
the reference signal.

12. The system of any of clauses 2 to 11, wherein the
determination circuit is further configured to:
measure the AC voltage of the conductive wire
based on the measured voltage and the determined
capacitive coupling between the conductive wire and
the conductive sense component.

13. The system of any preceding clause, wherein the
determination circuit is configured to determine the
gauge of the conductive wire using an electromag-
netic model of the conductive sense component and
the conductive wire that represents a relationship
between wire gauge and the capacitive coupling
between the conductive wire and the conductive
sense component.

14. The system of any preceding clause, wherein the
determination circuit is configured to determine the
gauge of the conductive wire using one or more
stored values of capacitive coupling and an asso-
ciated one or more stored values for wire gauge.
15. The system of clause 14, wherein determination
ofthe gauge of the determination circuitis configured
to determine the gauge of the conductive wire using
one of:

extrapolation from the closest stored capacitive
coupling value to the determined capacitive cou-
pling between the conductive wire and the con-
ductive sense component;

interpolation between the two closest stored
capacitive coupling values to the determined
capacitive coupling between the conductive
wire and the conductive sense component.

16. The system of any preceding clause, further
comprising:

a reference conductive sense component for
positioning, when in use, in non-contacting
proximity to a reference conductive wire of a
known gauge so as to capacitively couple with
the reference conductive wire,

wherein the determination circuit is coupled to
the reference conductive sense component and
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is further configured to:

determine a capacitive coupling between
the reference conductive wire and the re-
ference conductive sense component;
determine a gauge of the reference conduc-
tive wire based on the determined capaci-
tive coupling between the reference con-
ductive wire and the reference conductive
sense component;

determine a correction factor by comparing
the determined gauge of the reference con-
ductive wire and the known gauge of the
reference conductive wire; and

determine the gauge of the conductive wire
further based on the correction factor.

17. The system of any preceding clause, wherein the
determination circuit is further configured to:

receive an indication of maximum current for the
conductive wire;

determine whether the determined gauge of the
conductive wire is suitable for the indicated
maximum current for the conductive wire; and
if it is not suitable, output a warning.

18. The system of any preceding clause, wherein the
determination circuit is further configured to:

receive a measurement of current carried by the
conductive wire;

determine whether the determined gauge of the
conductive wire is suitable for the current carried
by the conductive wire; and

if it is not suitable, output a warning.

19. A method for determining wire gauge, the meth-
od comprising:

determining a capacitive coupling between a
conductive wire and a conductive sense com-
ponent, wherein the conductive sense compo-
nent is positioned in non-contacting proximity to
the conductive wire so as to capacitively couple
with the conductive wire to generate an AC
sensing signal at the conductive sense compo-
nent, wherein the AC sensing signal is depen-
dent on an AC voltage of the conductive wire;
and

determining a gauge of the conductive wire
based on the determined capacitive coupling
between the conductive wire and the conductive
sense component.

20. The method of clause 19, further comprising:

measuring a voltage that is dependent on a
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potential at the conductive sense component,
wherein determining the capacitive coupling be-
tween the conductive wire and the conductive
sense component is further based on the mea-
sured voltage.

21. The method of clause 20, wherein determining
the capacitive coupling between the conductive wire
and the conductive sense component is further
based on the AC voltage of the conductive wire.
22. The method of clause 20, further comprising:

applying a reference signal to the measurement
circuit such that the potential at the conductive
sense component comprises a resultant signal
that is dependent on the reference signal,
wherein determining the capacitive coupling be-
tween the conductive wire and the conductive
sense component is further based on the resul-
tant signal and the reference signal.

23. The method of any of clauses 20 to 22, further
comprising:

measuring the AC voltage of the conductive wire
based on the measured voltage and the determined
capacitive coupling between the conductive wire and
the conductive sense component.

24. The method of any of clauses 19 to 23, wherein
determining the gauge of the conductive wire com-
prises using an electromagnetic model of the con-
ductive sense component and the conductive wire
that represents a relationship between wire gauge
and the capacitive coupling between the conductive
wire and the conductive sense component.

25. The method of any of clauses 19 to 24, wherein
determining the gauge of the conductive wire com-
prises using one or more stored values of capacitive
coupling and an associated one or more stored
values for wire gauge.

26. The method of clause 25, wherein determining
the gauge of the conductive wire comprises using
one of:

extrapolation from the closest stored capacitive
coupling value to the determined capacitive cou-
pling between the conductive wire and the con-
ductive sense component;

interpolation between the two closest stored
capacitive coupling values to the determined
capacitive coupling between the conductive
wire and the conductive sense component.

27. The method of any of clauses 19 to 26, further
comprising:

determining a capacitive coupling between a
reference conductive wire of a known gauge
and a reference conductive sense component,

10

15

20

25

30

35

40

45

50

55

13

wherein the reference conductive sense com-
ponent is for positioning, when in use, in non-
contacting proximity to the reference conductive
wire so as to capacitively couple with the refer-
ence conductive wire;

determining a gauge of the reference conduc-
tive wire based on the determined capacitive
coupling between the reference conductive wire
and the reference conductive sense compo-
nent;

determining a correction factor by comparing the
determined gauge of the reference conductive
wire and the known gauge of the reference
conductive wire; and

determining the gauge of the conductive wire
further based on the correction factor.

28. The method of any of clauses 19 to 27, further
comprising:

receiving an indication of maximum current for
the conductive wire;

determining whether the determined gauge of
the conductive wire is suitable for the indicated
maximum current for the conductive wire; and
if it is not suitable, outputting a warning.

29. The method of any of clauses 19 to 28, further
comprising:

receiving a measurement of current carried by
the conductive wire;

determining whether the determined gauge of
the conductive wire is suitable for the current
carried by the conductive wire; and

if it is not suitable, output a warning.

30. An electrical system comprising:

a conductive wire for carrying an electrical cur-
rent;

a conductive sense component positioned in
non-contacting proximity to the conductive wire
so as to capacitively couple with the conductive
wire to generate an AC sensing signal at the
conductive sense component, wherein the AC
sensing signal is dependent on an AC voltage of
the conductive wire;

adetermination circuit coupled to the conductive
sense component and configured to:

determine a capacitive coupling between
the conductive wire and the conductive
sense component; and

determine a gauge of the conductive wire
based on the determined capacitive cou-
pling between the conductive wire and the
conductive sense component.
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Claims

1.

A wire gauge determination system comprising:

a conductive sense component for positioning,
when in use, in non-contacting proximity to a
conductive wire so as to capacitively couple with
the conductive wire to generate an AC sensing
signal at the conductive sense component,
wherein the AC sensing signal is dependent
on an AC voltage of the conductive wire;
adetermination circuit coupled to the conductive
sense component and configured to:

determine a capacitive coupling between
the conductive wire and the conductive
sense component; and

determine a gauge of the conductive wire
based on the determined capacitive cou-
pling between the conductive wire and the
conductive sense component.

2. The system of claim 1, further comprising:

ameasurementcircuit coupled to the conductive
sense component and the determination circuit,
wherein the measurement circuit is configured
to:

measure a voltage that is dependent on a po-
tential at the conductive sense component,
wherein the determination circuitis configured to
determine the capacitive coupling between the
conductive wire and the conductive sense com-
ponent further based on the measured voltage.

The system of claim 2, wherein the measurement
circuit further comprises an impedance component
coupled to the conductive sense componentso as to
form an impedance divider with the capacitive cou-
pling between the conductive wire and the conduc-
tive sense component,

wherein the determination circuit is configured to
determine the capacitive coupling between the con-
ductive wire and the conductive sense component
further based on an impedance of the impedance
component.

The system of claim 2 or claim 3, wherein the mea-
sured voltage comprises the AC sensing signal atthe
conductive sense component, and

wherein the determination circuit is configured to
determine the capacitive coupling between the con-
ductive wire and the conductive sense component
further based on the AC sensing signal and the AC
voltage of the conductive wire.

The system of claim 4, further comprising:
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a conductive shield arranged to at least partially
surround an outer perimeter of the conductive
sense component,

wherein the systemiis further configured to apply
a reference voltage to the conductive shield.

6. The system of claim 2 or claim 3, further comprising:

a reference signal generator configured to gen-
erate a reference signal, wherein the reference
signal generator is coupled to the measurement
circuit so as to apply the reference signal to the
measurement circuit such that the potential at
the conductive sense component comprises a
resultant signal that is dependent on the refer-
ence signal,

wherein the determination circuitis configured to
determine the capacitive coupling between the
conductive wire and the conductive sense com-
ponent further based on the resultant signal and
the reference signal.

7. The system of claim 6, wherein the measurement

circuit comprises:

(a) a voltage measurement circuit arranged to
measure the potential at the conductive sense
component; or

(b) an op amp comprising:

afirstinput coupled to the conductive sense
component;

a second input coupled to the reference
signal generator, such that the reference
signal is applied to the second input and
correspondingly the first input as a result of
the virtual earth operation of the op amp;
an output; and

afeedback path between the output and the
first input, wherein the feedback path com-
prises an impedance component that forms
an impedance divider with the capacitive
coupling between the conductive wire and
the conductive sense component; and

a voltage measurement circuit arranged to measure
a voltage at the output of the op amp, wherein the
measured voltage comprises the resultant circuit.

The system of claim 6 or claim 7, further comprising:

a conductive shield arranged to at least partially
surround an outer perimeter of the conductive
sense component,

wherein the systemiis further configured to apply
to the conductive shield a signal that is based on
the reference signal.



10.

1.

12.

13.
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The system of any of claims 2 to 8, wherein the
determination circuit is further configured to:
measure the AC voltage of the conductive wire
based on the measured voltage and the determined
capacitive coupling between the conductive wire and
the conductive sense component.

The system of any preceding claim, wherein the
determination circuit is configured to determine the
gauge of the conductive wire using an electromag-
netic model of the conductive sense component and
the conductive wire that represents a relationship
between wire gauge and the capacitive coupling
between the conductive wire and the conductive
sense component.

The system of any preceding claim, wherein the
determination circuit is configured to determine the
gauge of the conductive wire using one or more
stored values of capacitive coupling and an asso-
ciated one or more stored values for wire gauge.

The system of claim 11, wherein determination of the
gauge of the determination circuit is configured to
determine the gauge of the conductive wire using
one of:

extrapolation from the closest stored capacitive
coupling value to the determined capacitive cou-
pling between the conductive wire and the con-
ductive sense component;

interpolation between the two closest stored
capacitive coupling values to the determined
capacitive coupling between the conductive
wire and the conductive sense component.

The system of any preceding claim, further compris-
ing:

a reference conductive sense component for
positioning, when in use, in non-contacting
proximity to a reference conductive wire of a
known gauge so as to capacitively couple with
the reference conductive wire,

wherein the determination circuit is coupled to
the reference conductive sense component and
is further configured to:

determine a capacitive coupling between
the reference conductive wire and the re-
ference conductive sense component;
determine a gauge of the reference conduc-
tive wire based on the determined capaci-
tive coupling between the reference con-
ductive wire and the reference conductive
sense component;

determine a correction factor by comparing
the determined gauge of the reference con-
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ductive wire and the known gauge of the
reference conductive wire; and

determine the gauge of the conductive wire
further based on the correction factor.

14. A method for determining wire gauge, the method

comprising:

determining a capacitive coupling between a
conductive wire and a conductive sense com-
ponent, wherein the conductive sense compo-
nent is positioned in non-contacting proximity to
the conductive wire so as to capacitively couple
with the conductive wire to generate an AC
sensing signal at the conductive sense compo-
nent, wherein the AC sensing signal is depen-
dent on an AC voltage of the conductive wire;
and

determining a gauge of the conductive wire
based on the determined capacitive coupling
between the conductive wire and the conductive
sense component.

15. An electrical system comprising:

a conductive wire for carrying an electrical cur-
rent;

a conductive sense component positioned in
non-contacting proximity to the conductive wire
so as to capacitively couple with the conductive
wire to generate an AC sensing signal at the
conductive sense component, wherein the AC
sensing signal is dependent on an AC voltage of
the conductive wire;

a determination circuit coupled to the conductive
sense component and configured to:

determine a capacitive coupling between
the conductive wire and the conductive
sense component; and

determine a gauge of the conductive wire
based on the determined capacitive cou-
pling between the conductive wire and the
conductive sense component.
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